This paper analyzes the test-retest reliability of subjective survival expectations. Using a nationally representative sample from the Netherlands, we compare probabilities reported by the same individuals in two different surveys that were fielded in the same month. We evaluate reliability both at the level of reported probabilities and through a model that relates expectations to socio-demographic variables. Test-retest correlations of survival probabilities are between 0.5 and 0.7, which is similar to subjective well-being (Krueger and Skade, 2008) . Correlations are weaker and averages differ more among respondents above the age of 65, which calls into question data quality for older respondents. Only 20% of probabilities are equal across surveys, but up to 61-77% are consistent once we account for rounding. Models that analyze all probabilities jointly reveal that similar associations emerge between covariates and the hazard of death in both datasets. Moreover, expectations are persistent at the level of the individual as indicated by the importance of individual effects. This unobserved heterogeneity is strongly correlated across surveys. Taken together this evidence supports the reliability of subjective survival expectations.
Introduction
Expectations play an important role in economic models of inter-temporal decision making, such as life-cycle models of labor supply and saving (e.g. French, 2005; De Nardi et al., 2010; French and Jones, 2011) . Over the past two decades, researchers have started to recognize the potential of data that measure subjective expectations held by survey respondents, especially when elicited in terms of probabilities (see Manski, 2004 , for a review). However, the validity of such intrinsically subjective data remains controversial. This paper is the first to evaluate the test-retest reliability of expectations reported by survey respondents. We focus on expectations regarding one's own survival and compare the responses of the same individuals in the same month between two surveys, both of which measure a number of points on the subjective survival curve.
Our data come from a large household panel that is representative for the Dutch population: the CentERpanel. One survey, the Pension Barometer (PB), allows respondents to report any integer probability between 0 and 100 percent. The other, the DNB Household Survey (DHS), restricts responses to an 11-point scale ranging from 0 to 10. Such 11-point scale limits the resolution at which respondents can report, forcing them to round their subjective probabilities. Nonetheless, it has been applied in several large scale household surveys, such as the Rand version of the HRS in the U.S., SHARE in Europe and the LISS panel in the Netherlands. With the exception of Bissonnette et al. (2011) , researchers have interpreted the answers to 11-point scales as exact probabilities.
We evaluate the reliability of reported expectations in two ways. Firstly, we check whether the probabilities are consistent with each other one-by-one. We compare probabilities reported by the same individuals for the same target ages, taking into account that the different answer scales affect the resolution at which respondents report their expectations. Secondly, we formulate a model in which we use all reported probabilities simultaneously to look at the relationships between subjective survival and background variables. We assess to what extent the two sets of probabilities yield similar associations between the hazard of death and socio-economic covariates when analyzed jointly. This paper fits in with the large literature on subjective expectations in general and survival expectations in particular (see Hurd, 2009 , for an overview of research on subjective longevity). A rich body of literature has established the covariates and predictive validity of survival expectations at the level of the individual (Hurd and McGarry, 1995, 2002; Smith et al., 2001; Bissonnette et al., 2011; Kutlu and Kalwij, 2012) . To date, plausible associations between subjective survival and background variables are the most important support for the validity of this type of data. However, the way questions are framed does affect reported expectations: a "die by" frame yields lower life expectancy than does a "live to" frame (Payne et al., 2013; Teppa et al., 2015) .
Our analysis contributes to the literature in at least five ways. Firstly, we assess the validity of subjective survival in a nationally representative panel, while earlier studies have tended to focus on older cohorts (the HRS and SHARE only sample the 50-plus population).
Secondly, test-retest analysis has been applied to survey data of various types, such as wellbeing (Krueger and Skade, 2008) . Hence, it allows one to compare the reliability of elicited beliefs to that of other, more commonly used types of data. Thirdly, we analyze reliability at different levels of aggregation. The fact that we observe multiple probabilities for each individual-year allows us to investigate whether discrepancies between reported probabilities cancel out when probabilities are combined to fit survival curves. Fourthly, we exploit the panel data nature of our sample in which we do not only observe multiple probabilities reported by an individual in a survey, but also repeated observations for the same individual.
These two levels of clustering allow us to disentangle the reliability of variation in beliefs for a given individual over time (within-variation) from the reliability of variation across individuals (between-variation). Finally, we take into account the specific measurement error that comes from rounding, either survey-induced or not, in a comprehensive way.
We find that reported probabilities are reliable overall, but less so for older respondents above the age of 65. Our analysis of individual probabilities shows that test-retest correlations are between 0.5 and 0.7, which is comparable to the reliability of subjective well-being documented by Krueger and Skade (2008) . Correlations are lower and the differences between the average reported probabilities are larger for the older target ages of 85 and 90, because those items were presented to older respondents. While only around 20% of reported probabilities are exactly equal, 25-37% are consistent when we account for the different resolutions of response scales. Rounding further increases the rate of consistent responses to 32-46% if we assume all probabilities reported by a given respondent are rounded similarly and 61-77% if we allow for the maximum degree of rounding for each reported probability. Models in which all reported probabilities are analyzed jointly show that the associations between the hazard of death and most socio-demographic covariates are similar for both datasets. However, substantially different associations are found for the covariate birth cohort, especially for older cohorts. Individual effects account for 90% of variation that cannot be explained by demographic covariates and are strongly correlated between surveys (correlation coefficients 0.8-0.9). The correlation between survey-effects that account for the remaining 10% is much lower, suggesting that the variation in beliefs across individuals is more reliable than longitudinal variation for a given individual. Accounting for rounding improves model fit, but does not change the main results regarding the reliability of subjective expectations.
The rest of the paper is structured as follows. Section 2 describes our data in detail and section 3 evaluates the reliability of the reported probabilities one by one. Section 4 presents the model used to analyze all probabilities jointly, after which section 5 presents estimation results. We evaluate the economic significance of differences between the two datasets by means of simulated life-cycle models in section 6, after which section 7 concludes. The items in the DHS are phrased as follows:
"Please indicate your answer on a scale of 0 thru 10, where 0 means 'no chance at all' and 10 means 'absolutely certain'.
How likely is it that you will attain (at least) the age of 65?" etc.
In the PB the questions are preceded only by a single item on subjective health, asking respondents to rate their health on a 5-point scale from 'excellent' to 'poor'. The DHS questionnaire contains 14 questions before the survival questions, which are the final questions to be asked in the health-section of the survey. In addition to a question on subjective health that is identical to that in the PB, the DHS also includes questions on height, weight, consumption of alcohol and cigarettes, doctor visits and absenteeism due to health problems.
3 Reliability of reported probabilities
Descriptives
Before setting up a formal model, we investigate the extent to which the reported probabilities are consistent with each other for the same individuals and target ages. For most individuals both surveys were conducted in June of 2011 and 2012. The notion that both questionnaires aim to measure the same expectations is plausible, since the period between questionnaires is potential observations for the PB, we are left with 2,781 complete and consistent person/year observations. Similarly, 3,584 observations for the DHS yield 3,246 useful observations. In the remainder of this section we limit ourselves to the 2,187 observations for which we observe complete and monotonic response to both the PB and the DHS. Due to different age-eligibility rules for the various target ages in the questionnaires, we have 2,087 observations for which we observe at least one reported probability for the same target age.
1 In the paper we report results using all records that could be matched, regardless of the time between surveys. Robustness checks indicate that none of our findings change when we limit the sample to cases for which the two surveys were taken within a 4-week period. Table 1 shows descriptives of reported subjective probabilities and corresponding probabilities from the 2010 life tables published by Statistics Netherlands. 2 Summary statistics are presented by target age and for each target age we limit the sample to those respondent-years that reported a probability in both surveys. Looking first at the means of the probabilities reported in the PB and in the DHS, we observe that the means are close together for the target ages of 75 and 80 (differences are less than 3 percentage points). However, for the older target ages the average probability in the DHS is around 10 percentage points higher than that in the PB. As a result the average DHS probability is higher than the life-table forecast for ages 85 and 90 for men. Women report probabilities that are substantially below actuarial predictions for all ages, so for them the DHS yields expectations that are more in line with official forecasts. The (rank) correlations between PB and DHS probabilities are between 0.53 and 0.68, which is similar to that found for subjective well-being (Krueger and Skade, 2008) . Hence, based on the correlations between reported probabilities the reliability of subjective survival expectations is comparable to that of another widely researched type of subjective data, even though the levels are different for older target ages. Note, however, that while a given aspect of well-being is usually measured by a single item in a questionnaire, there is scope to combine the various reported probabilities and construct survival functions. centage points below the diagonal and even the third quartile is often below the diagonal, indicating that more than 75% of respondents who are relatively certain to survive past 85 or 90 according to the DHS report less certainty in the PB.
One-by-one reliability
The most intuitive way to compare PB and DHS probabilities may be to look at the distribution of the differences between the two. However, the possibility of rounding implies that the (absolute) difference between reported probabilities is not a good measure of the extent to which the data are compatible. For instance, reported probabilities of 100% in the DHS and 55% in the PB are consistent if the former is rounded to a multiple of 100 (so that the true probability lies in [100, 50] ). On the other hand, probabilities of 65% and 55% would be incompatible, since both are only consistent with rounding to multiples of 1 or 5 and thus the intervals for the true probability do not overlap.
Therefore, our approach is to determine the extent of rounding based on three different rounding schemes and to check whether the probabilities reported in the PB and the a The sample size is 2,087 individual-years rather than 2,187 as mentioned above, since we exclude observations for which we have monotonic and complete probabilities for both the PB and the DHS, but for which the two questionnaires have no target ages in common.
DHS can reflect the same underlying true probability under each of those rules. The first scheme assumes that each probability is reported as precisely as allowed by each survey: all probabilities in the PB are rounded to multiples of 1 and all probabilities in the DHS to multiples of 10. Hence, under this minimal rounding rule any two probabilities are compatible if
The second, common, scheme allows for more rounding, but maintains that all survival probabilities reported by the same individual are rounded similarly. We distinguish between the levels of rounding proposed by Manski and Molinari (2010) and refer the reader to that paper for more information. Finally, the third general rounding rule allows each reported probability to be rounded to the maximum extent (see Bissonnette and de Bresser, 2014, for more information on this scheme). Table A1 in Appendix A shows the distribution of rounding in the sample according to both rounding rules. Under common rounding we find that rounding to multiples of 5 is the most prevalent type for the PB, while rounding to multiples of 10 is most prevalent for the DHS (58% of individual-year observations of the PB are rounded to multiples of 5, while 95% of DHS observations are rounded to multiples of 10). For general rounding at the level of the individual probability, rounding to multiples of 10 is the most frequent category (52% of PB probabilities and 76% of DHS probabilities are rounded to multiples of 10). The rates of compatible responses to PB and DHS questions by target age and for the different rounding rules are given in Table 2 . Around one fifth of reported probabilities are equal across surveys. If we assume that all probabilities are rounded to the minimal extent allowed by each survey we find a rate of consistent response that declines more steeply for older target ages from 37% for target age 75 to 24% for age 90. Allowing for common rounding increases the rate of consistent probabilities to 32-46%. Under the most conservative general rounding scheme 61-78% of responses are compatible with at least one underlying true probability. Regardless of the rounding rule, we find that the fraction of consistent responses is higher for younger target ages. These differences are mostly related to the current age of the respondents, rather than the target age to which questions refer. The rate of consistent answers to the two sets of questions is flat up to age 68 and declines sharply afterwards.
Interestingly, the rate of consistent probabilities is the same when we restrict the sample to those observations that report the same level of subjective health in both survey waves or to surveys taken within a four week period. Hence, differences probably reflect measurement error rather than changes in the actual expectations held by respondents.
The upshot of the comparison so far is that while the two sets of probabilities are fairly strongly correlated, it takes considerable rounding error for a majority of the cases in order to make the PB and DHS responses compatible with at least one underlying true probability. Figure 3 illustrates this point is a slightly different way, showing how the fraction of reported probabilities that is consistent between the PB and the DHS increases with the size of a symmetric reporting error added to both probabilities. It takes a reporting error of 5 percentage points around the reported PB and DHS probability to make more than 40% of the pairs of probabilities compatible, while it takes an error of 10 percentage points to make 70-80% compatible. Note that even for an error of 20 percentage points over 15% of reported probabilities for the target ages 85 and 90 are irreconcilable.
These differences between the two sets of probabilities when analyzed one by one raise the question whether an analysis of all probabilities jointly would yield different results when based on the PB versus the DHS. In the next section we set up two models to answer that question.
Reliability of survival curves 4.1 Model without focal answers and rounding
The model we use in this paper is closely related to that proposed by Kleinjans and Van Soest (2014) for expectations regarding binary outcomes and extended to continuous outcomes in De Bresser and Van Soest (2013). We refer the reader to those papers for more elaborate descriptions.
Expectations follow a Gompertz distribution with the baseline hazard shifted proportionally by demographic variables. We model expectations over complete lifespans and take into account truncation at the current age of the respondent. This parameterization of expectations implies that true probabilities of surviving to target age ta k conditional on having survived to current age a it are given by:
the demographics of respondent i in survey-year t; α q determines the shape of the baseline hazard; ta k is a target age in the questionnaire and a it is the age of i in year t. We distinguish two types of unobserved heterogeneity: individual effects ξ q i and question sequence effects η q it .
Distributional assumptions for these error components are given later. In the absence of unobserved heterogeneity the null hypothesis of interest is that β P B 1 = β DHS 1 and α P B = α DHS , which implies that the two surveys yield the same associations between covariates and survival. We divide both the target age and the current age by 100 to facilitate estimation of α q (which determines the shape of the baseline hazard).
However, we do not observe S q itk directly. Instead, the reported probabilities are perturbed by recall error:
, independent of all covariates and across thresholds, surveys, years and individuals. We model the variance of recall errors as ln (σ it ) = x it β q 2 . In the baseline model we do not allow for rounding in the reported probabilities, but we do take into account censoring between zero and the lowest probability reported previously in the sequence. Hence, the density for a reported probability P q itk conditional on covariates is given by
where φ (.) and Φ (.) respectively denote the standard normal density and CDF and for the first threshold k = 1 we set P q it0 = 100 (when estimating the model we also condition on individual and survey effects, but we omit them here for ease of exposition).
The model is completed by distributions of the individual effects ξ q i and survey effects η q it .
We assume that both are bivariate normal with covariance matrices Σ ξ and Σ η and that they are independent of covariates and each other. We estimate the elements of the covariance matrices of unobserved heterogeneity, the baseline hazards α P B and α DHS and the vectors
by maximum simulated likelihood where we integrate numerically over the distributions of individual and question sequence effects.
Model with rounding
The basic setup is the same as for the baseline model, but now P * q itk is not only censored but also rounded prior to being reported. We allow for rounding to multiples of 100, 50, 25, 10, 5 and 1 for the pensionbarometer and to multiples of 100, 50 and 10 for the DHS. Our rounding model is ordinal: We assume that the idiosyncratic rounding shocks ε r itk follow a standard normal distribution and are independent from covariates and all other errors, so the conditional probabilities of each category of rounding Pr (R q itk = r|x it , ξ i , η it ) take the shape of an ordered probit. A reported probability in combination with a particular level of rounding implies an interval for the perturbed probability P * q itk ∈ [LB r itk , U B r itk ). For instance, a reported probability of 25% that is rounded to a multiple of 5 yields the interval P * q itk ∈ [22.5, 27.5). The probability of that event is easy to calculate, since P * q itk ∼ N (S q itk , σ 2 it ). As a given reported probability may result from different degrees of rounding, rounding is a latent construct and we average across the different degrees of rounding to obtain the likelihood contribution. In particular, define for each reported probability the set Ω itk that consists of all types of rounding that are consistent with that probability. We obtain the conditional density as (omitting unobserved heterogeneity to ease notation):
All probabilities in the equation above are calculated from univariate normal distributions and are therefore easy to obtain. Note that whether a probability is censored or not depends on the degree of rounding and on the preceding probability.
Results
This section presents estimation results for the two models of subjective life expectancy explained above. The difference between the models is that the first one does not account for rounding, while the second model does. Descriptive statistics for all covariates used are given in Table B1 of Appendix B. In the main text we only report estimates for the equations that govern expectations. Estimates of the recall error and rounding processes can be found in Table C1 of Appendix C. The sample from which the estimates presented in the main text are obtained limits the data to complete and consistent responses for both sets of probabilities.
Moreover, we only use the probabilities corresponding to those target ages for which both a PB and a DHS probability are available. Estimates based on all complete and consistent responses for either one of the datasets, regardless of whether the target age is included in both questionnaires, corroborate the findings from the main text and can be found in Appendix D.
Model without rounding of reported probabilities
Estimation results of the model without rounding are presented in the left panel of Table 3 (see section 4.1 for a detailed description of this model). The first two columns on the left present the effects of covariates on the baseline hazard as hazard ratios and the third column contains the differences between these hazard ratios across the two surveys. The estimated effects of most covariates are both qualitatively and quantitatively very similar for the PB and the DHS, with the exception of the cohort dummies. The baseline cohort 1942-1951 has a relatively low hazard of death according to the DHS: the hazard rates for the cohorts between 1952 and 1981 are between 15 and 30 percent higher than the baseline. However, according to the PB only the cohort 1952-1961 has a significantly higher hazard than the baseline and the difference is only 12 percent. These large differences between cohorts in the DHS and smaller and mostly insignificant differences in the PB lead us to reject the null hypotheses of equal cohort effects for all cohorts.
We do not find evidence to suggest that the two surveys generate different results for the other covariates. The dummy for the year 2012 is insignificant for both surveys. Women report a lower hazard of death compared to men, the hazard ratio is 93% according to the PB and 95% in the DHS. We find some disagreement between the PB and the DHS for the income dummy corresponding to a net household income of 1151-1800 euro per month. Based on the PB individuals in this group have a 18% higher hazard of death than the baseline of individuals in households that earn more than 2600 euro per month. However, in the DHS this difference does not exist. Such disagreement is not there for the other income groups, for which we cannot reject the null of equal coefficients. The education dummies show similar patterns for the PB and the DHS: respondents in the middle education category have a 14-16% lower hazard of death than their less educated peers. Though the PB shows a statistically significant difference of 9% for the high education category, this difference is only 2% and not significant for the DHS. However, the coefficient does not differ significantly between the surveys. As for self-reported health, respondents who rate their current health more positively report substantially lower hazards of death regardless of the set of probabilities used. The average hazard of respondents who rate their health as "not good" or "poor" is 86-94% higher than that of respondents who rate their health as "excellent". None of the coefficients for the health variables differs significantly between the two surveys.
The overall picture that merges from the model that does not allow for rounding is that most correlations between covariates and expectations are similar in both datasets. However, differences between birth cohorts are much larger in the DHS than in the PB. Moreover, we reject equality of coefficients for one income group. The Chi-squared tests for joint equality of coefficients across the PB and DHS reported in Table 3 reflect these observations: we reject the null of joint equality and much more strongly so if we take the cohort dummies into account.
The bottom of Table 3 reports other estimates. The baseline hazard is significant and positive for both datasets, which means that the hazard of death increases with age. Moreover, the estimated coefficients are very close, around 8.1 for both datasets, and the difference is not statistically significant. The estimated variances of the individual effects indicate that expectations are persistent at the level of the individual for both datasets: around 90% of the variance in expectations that cannot be explained by covariates is due to permanent unobserved heterogeneity. Furthermore, the individual effects are strongly positively correlated with a correlation coefficient of 0.87. Table C1 in Appendix C presents estimates of the coefficients that capture heteroskedasticity of the recall error, capturing variation in the extent to which reported probabilities fit the Gompertz distribution. In addition to some differences between cohorts, the only factor that affects recall error similarly in both sets of probabilities is education. The middle and high education categories report probabilities that are significantly less noisy compared to respondents who have not finished vocational training. Table D1 in Appendix D contains estimates of the exact same model, estimated on the larger sample of complete and consistent responses to either set of survival questions, using all available probabilities (also those target ages that are not included in one of the questionnaires). The same general picture emerges, but the differences between estimated cohort effects are smaller. Furthermore, we reject equality of coefficients for one additional income dummy (for an income between 1801 and 2600 euro per month).
Model with rounding of reported probabilities
Estimates for the model that accounts for rounding, described in section 4.2, are reported in the right panel of Table 3 . As was the case without rounding, the model with rounding
shows that the significant relationships between the hazard of death and covariates that emerge for the PB and the DHS have the same sign in almost all cases. The only exception is the oldest cohort, which has a 24% higher hazard than the baseline according to the PB but a 11% lower hazard based on the DHS. Moreover, the size of many correlations remains comparable between the surveys. However, incorporating rounding does not reduce the differences between the estimates from the two datasets and actually leads to more frequent rejections of equality. In addition to the dummy for household income between 1151 and 1800 euro per month, we also reject equality for the variables capturing gender and education and for two out of three indicators for health. Note that the finding that disparities between datasets are larger once we account for rounding can only occur in a model that point identifies beliefs. In the partial identification framework of section 3 rounding can only mitigate differences between imperfectly observed data.
The baseline hazard is similar across the PB and the DHS, and with a values of 8.1 and 8.4 duration dependence is similar to the values found in the model without rounding. For unobserved heterogeneity too the model with rounding corroborates the findings from that without rounding. Expectations are persistent at the level of the individual for both sets of probabilities. Question sequence effects are also significant, but much smaller in magnitude.
Finally, Table 5 shows that the correlation between the individual effects for the PB and DHS questionnaires is 0.86, which is similar to that found in the baseline model. Table C1 contains the remaining estimates. The third and fourth column in Table C1 show the estimates for the heteroskedasticity of recall errors in the PB and DHS respectively. The variance of the errors is significantly lower among higher education groups, as was the case in the model without rounding. Compared to the left panel there is Table 4 , which shows that half of the reported probabilities are rounded to multiples of 10 and a third is rounded to multiples of 5. As suggested by the numerical issues associated with estimating the rounding equation for the DHS, 95 percent of probabilities reported in the DHS are rounded to multiples of 10.
The right panel in

Model fit
The results in the previous two subsections show that our conclusions regarding the reliability of subjective longevity are similar regardless of whether we account for rounding in our model of expectations. However, accounting for rounding does improve model fit. Figure 4 shows six histograms of reported probabilities in the data and of simulated probabilities from the models with and without rounding, pooling together all target ages. Even though the shows that resulting answers are bunched at multiples of 10. In fact, the lower part of the distribution, up to and including 50 percent, is similar to that of the DHS shown in panel d. The model without rounding cannot mimic such bunching, see panels b. and e., but the model that accounts for rounding does fit the data relatively closely (panels c. and f.).
Hence, censoring at 0, 100 or the previous probability by itself does not produce the heaping at multiples of 10 that we observe in the data. Figure 4 illustrate the importance of rounding, we may prefer to look at estimated densities in order to evaluate model fit. It is particularly difficult to compare the fit of the model with rounding and that without rounding, since the former is discrete while that latter is mostly continuous (except for the censoring). As a consequence, the model without rounding necessarily smooths the data more. Figure 5 displays estimated densities for the data and for simulated probabilities from both models. We find that the Comparing the log-likelihoods of the specifications in Table 3 with those of constant-only models reported in Appendix E, we find that covariates do not play an important role. The pseudo R-squared is around 0.006 for the model without rounding. Though many covariates correlate significantly with the hazard of death, most of the variation in expectations is explained by individual effects.
While the histograms in
Subjective longevity in lifecycle models -TO BE ADDED -
A growing body of research recognizes the potential of data that directly elicits expectations of survey respondents, so-called subjective expectations, especially in the context of inter-temporal models. However, many economists remain sceptical of the validity and informativeness of such data. This paper investigates the validity of reported expectations by evaluating the test-retest reliability of the type of expectations that has received most attention from researchers: survival expectations.
Using two surveys that were administered to the same respondents within the same month, we compare the answers of those respondents to items that ask for the likelihood of survival to various target ages. The questionnaires are the Pensioenbarometer (PB) and the DNB Household Survey (DHS), both of which were fielded to the CentERpanel, a household panel that is representative for the Dutch population. We take into account that the PB allows respondents to report any integer probability between 0 and 100 while the DHS limits responses to an 11-point scale between 0 and 10. We first analyze reliability at the level of the reported probability by checking whether reported probabilities are consistent with each other one-by-one. We check whether the rounded probabilities from both datasets are consistent with at least one underlying true probability under different degrees of rounding. We then analyze reported probabilities jointly in order to test whether the two surveys yield similar associations between expectations and background characteristics. This allows us to evaluate to what extent noise in the probabilities cancels out when those probabilities are combined in an aggregate model.
We find the reliability of subjective survival expectations to be satisfactory overall. Testretest correlations are in the 0.5-0.7 range, which is similar to the reliability of subjective well-being found by Krueger and Skade (2008) . Especially for men we find lower correlations for older target ages of 85 and 90, and for both men and women the average reported probability is around 10 %-points lower in the PB than in the DHS for those target ages.
Further analysis reveals that this is due to the effect of the current age of respondents: older respondents report less reliable probabilities. While around 20% of reported probabilities are equal in the PB and DHS, the fraction of consistent responses is much higher once we allow for rounding. Depending on the target age, 24-37% of reported probabilities are consistent if we assume that all PB probabilities are rounded to multiples of 1 and all DHS probabilities are rounded to multiples of 10. Common rounding as in Manski and Molinari (2010) raises the fraction of consistent probabilities to 32-46% and the most conservative degree of rounding for each reported probability increases it further to 61-77%.
Joint models of all reported probabilities show that both datasets yield quantitatively and qualitatively similar associations between socio-demographic covariates and the hazard of death. The largest differences between the estimates occur for cohort dummies. Other variables such as gender, income, education and self-assessed health enter the model in similar ways for both datasets, showing that reported expectations are reliable when probabilities are modelled jointly. We find that unobserved heterogeneity at the level of the individual is important and that this heterogeneity is strongly positively correlated across questionnaires.
Furthermore, incorporating rounding in the model does not reduce differences between the estimates from both datasets.
Taking all results together we conclude that the quality of subjective survival expectations is comparable to that of other types of subjective data that are frequently analyzed by economists, such as subjective well-being. Within-individual variation is both quantitatively less important and less reliable than variation between individuals, so applied researchers are advised not to focus exclusively on the former. When aggregated into survival curves, these data can be used to enrich inter-temporal models in which survival plays are role.
Appendix A Incidence of rounding Appendix C Estimates of recall error and rounding equations , 323 No. probabilities 16, 540 16, 588.262 Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1 In the main text we model total subjective lifetimes, from birth to death, and condition on the current age of the respondent. Alternatively, we may also specify Gompertz distributions over the remaining lifespan from the current age of the respondent onwards. The latter approach is similar to that of fitting individual survival functions to the probabilities reported by survey respondents. This approach has been followed by several previous researchers, such as Perozek (2008) . However, they estimate both parameters, α and γ, for each individual, while we estimate a proportional hazard model with α fixed and proportional effects of covariates on the baseline hazard. In our proportional hazard framework we prefer to model total rather than remaining lifetime, because the latter implies implausible features of the baseline hazard. In particular, it implies that the ratio of the hazards of surviving another five years to the hazard of surviving ten more years is the same for respondents with the same levels of covariates. This is not plausible given that we group birth cohorts in intervals of 10 years. Nonetheless, we report the estimates of an analogous analysis to that in the main text conducted on remaining rather than total lifetime to allow the reader to assess the robustness of our findings. In the model of remaining lifetime, true survival probabilities on a scale from 0 to 100 are given by:
Appendix D Estimates based on all valid probabilities
where q indexes questionnaires (q ∈ {P B, DHS}); γ q it = exp (x it β q 1 + ξ q i + η q it ) depends on the demographics of respondent i in survey-year t; α q determines the shape of the baseline hazard; ta k is a target age in the questionnaire and a it is the age of i in year t. All other parts of the model are the same as for the specification for total lifetime explained in the text. 
